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.', An investigatiion of the static longitudinal stability, static directional 
'stability, and aileron control,ch&acter,istics at transonii and supersonic 

. 
-, speeds is being made of &scale rocket-propelled models of the.Rell kJ776. : 

; ,$ , 'A,stability'investigation has been x&e of tie sym&etrical models with " 
ci- 

'-controls undeflected and centers of gravity one-half and one-body diameter, .,' 
resRectively 'ah&d, of the equivalent design center-of-gravity-location ^I' 

h, 
of the full-scale version.. Both modelsdeveloped large normal-force 

' 'C 
'coefficients in both the eubaonic and superskic ra&es which indicated 

: : longitu$inal instability'at low angles of,attack. The side-fork 
*. coefficleuits were small for both models and indicated that the models were 

directionally stable. 
': A,possible tendency toward dynamic directional 
,._ htab$lity in the t*on$c,reglon was indicated by short-period 

.a ', .',. '~okSLla%fb& of.the side forces;:.:' )' <. 
:i, ". : i '. : b,, .( ,:.I7 : : , ..1 .' 
. ., .The result&showed a~'p&tial-s&n'inboard aileron to be.in&ffective 

ok to cause negative 'conl$ol.in.the transotic region when deflected 
; approxlmi%tely 5p but.'not when deflected loo1 'An investigation of drag 

shaied7it to i.nm%sb yith a rearv&d movement of the centers of &avity. 
_' This,.indicates.an increase ,W'the.trim:angle.of attack,& could be caused 

: ; ', _,- ,..'; ,by t$ de&ease in.static stability. -, '. :..'.# "... 
. . . ,. ,.'Y >',. '). :. 
.'.,I ,;. ;_,- ,. 
;- ;: " ! f'. ':,('_ -: /, ,- INTRCDu?rICN .' 
~~.~~~~~~c~~~,~,~.-. -., ,~.::."..*.-,. :. ..--.:.'..-'i.- :-I. :- /. '_. -i' "'d- ." -""a- __ / I_ ,-. , - _ f.. 
.:., . . . !I ,, ,. ', "i" *,.l, 'j 
b 

;;, i' 
&-. ** : 'Atthe'request of the A&M&e&e1 Coxunand, -Air Forces the 
fe ,, 

Laogl 
s.,l 

ey Pilotless Aircraft Research Division is conducting tests' '._ '. , ', ', : $. ',T : : ,_, '/'_/ .' : : I. .' .,' : : '., ,._ .,, 
,. .J ,. i, '._ ',_.,' , ,/. .I .. 
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.‘.&&:L ,, ‘, . 1. 
Thg; ‘:;, ~. of ~rsd&e md.e+S of the 'Bell:&&-776 at the'NACA Pilotless Aircraft 

.-' ,. '.,,, ' 
I, -,,.>:. ,Rese&ch Station, kllops Island, Va. The purpose of these tests is to 

, & iv' 4f@&--yy- .,, .'a.? i*, Investigate the static longitudkx0 stability, static directional.'stability, 
: ~dY$leron~control chmacteriatics of the m-776. <This -paper covers the : :. :p, c, .,, .. , .' flQjhts'of six models which tiere launched during a 3-month period that 

& '3: / . ..-.. . ..!. ,- a',; $ _-' 'I._, '., ; ended in Sepixmiber 1948,. Models 1 and 2 were instrumented to measure 
p&~.$;,:.-;!. Jc:. , n&&il and transverse accekkation and were flown with O" deflection .of 
,y,.-;, ..::,y: 'y: .'. ;?,f; _ I,.' -: L' the&ntrol~ surfaces; . ..~odels.3. 4, 5, and 6 were instrumented to measure .I 
" .*. !.;.,y.:. 

rplling velocity end were flown with ailerons deflected O", 4.7O, j.&O”, 
: .-,, ,&d. 4; 6O, respectively. 

%;,,I. :.‘[‘, ,jsl,., ., p!:,,‘,,,,:‘, ,. %,y-l y, /, .“, : ; ‘I 1.:. : x  ; _. _" . ~'Saojpe drag data were obtained frcmi all but one flight; The'tests' 
,Ye.' ./. ". &,&z 'b. :I I.., .' : were conducted by means of free-flight techniques described in refer- 
&$-,y, (' ': en&i3 l.and2. $@!:~-~~j'::y.;~:~' :. : ,, ;, ,. : ,I .' ,, . .:.!. 1': 
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,;t. .% 
noz%nal acceleration, feet per s&on&per second 

-’ J‘, l - 
&’ , .:. :, , &s' ,. bazisverse accelereLtlonj feet B&r tiecbnd per second 

@ir. ‘.. .,.$ .V.!, :’ : 8 acceleration due to gxavlty,'feet persecond per.second ,_,. .,,1 .,. ,, ,' '. j .// "1, . .; _. ,f," : .' : ;. ,, .,e:,_, ,"( : ,., .,.,,, '.. MODEM ARD.TEtS " ; 
, ,i:. :;,;,o ,: :, 
':. ,, ',' :.. ,,.,: .I :: Jo,). Models :, .' ,. ".. 

.’ 
:’ The l- ,..\ g scale models used for this investigation were supplied by .' ', 

the my776 c?nt&ycwr. The fubelgagris, were cor&ructed. of balsa wok with 
..-. aluminyW~sting~.'t~ serve as mpynts~fbr the'metal wings and tail&:., Th? ': 

(. -. nose sections we&e .made of plexiglas .and con'talned. a small radio transmitter. ..,I. '. ; I (_ ., 
',!#,' '. .. ,, "..... .' ; #' Figure i shows 'a three-vi&.&awing of'-.the model: The pertinent 
.!':,) ',(.', b;!, : .' 

general~specif'ications are given & table I, and the model char;a;cteristics 
,' _ art3 given,in.table TI. Theare& glvenihfi&zelincludewlngareas 

'obtained by extending all leading and trailing edges to body,centdr line. 
The center of.gravity shown in.figure.1 is the corresponding full-scale- . 

.,'. :L .I .,design'location. For the models covered by-the.present paper the cent+& ,. 
.-of'gravlty.~ere,located forward of this point as indicated in table m6 *I'., : 

: - Photoesirpasof. one of the models are s.hown In figures 2 'to 4. j; ', 'c., 
, I,. '.., ,j,,, .-'. . ',.' .: '. ... ', .-' The models'~re,~&pel$ed6y~a two-stage rocket-propulsion system 

,p to'a.,&ch:number of about 1; 7 :' The boo&er delivered 3100 p&nds bf-' -? _.. 'q. '. I. ,. ,, ,. ,:./) thrust for 1.5 seconds, and the sustainer motor developed 2000 pounds-,.' 
of *ust for 0.9 second: ., !. -, 
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Tests _’ 
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'The mdae~kwere~launchd. Fran a raii&h launcher (fig. 3) ,sei:at. ,, .' ', :. .' -an'elevation.angle of 'approximately'6Oo'~ The flight-path: velocity v+s '>.. 
ge&dLly obtatied with'a-continuoue-werve:~~~ler~ v:eloc~ter radar 
unit. .For the l&er speed ran&es of.some':'of the models, the~velocity. 
1-s calculated using drag data measured for the other mocJels; AtmoIspheric 

I:. data were ob-taizled by the use of radiosondes. Mcdels 1 and 2 were 
~,ies;i.zipped with,tio-channel nose-type teletiters, that vtted ,contin~us i*; gignals .of no-1 and $ransverse'accelerat%on to two ground stations. 
..These'stations recorded the signals in $he~ fo&'of time histories. The 
accelerations were..merqured relative to the center l*e.of the models. 

- :.TQ& histories of the rolling velocity were obtalxied with spinrronde 
radio guipnent for the four aileron-effectiveness models. 'A plot of 

-. . . ,. 
t$‘e, -' L, Reynolda.,nuuiber against Mach'number, 
&,T L scali of the.'tests. 

shown in figure .5, indicates-the :,: 
xi * c 
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*e . . .-... REDs,TION OF  l&UYi 
. . ., '. 

'.r I 
a, Mach nunibe& was determined by use .of xT&dlosonde data and Ddppler' 

-ti . . --.~kALf&$&+~*t~ -veloc j&;-. JJJhe : vaJ~~-..of~~norl?Y+ a& tq3,sverse accelera+s 
; .,. obta&& from the telemeter timk'his tories  for the deceleration phase 

of the fligh% s  were converted to coefficients by the relationships  .,. ..' 'p.,, $,.I;. : ", 1 9!' y , .' : I,,. t .", w"p: : . . CN '. -, t..',., 
I _ .y -  _,I ,ypsFg.. 

-. $' .j ), "  .' 
'2 1 I _., : ..' .' '.ai?n. y  :.: '.: .,, '. .i. :,, i. .-. ., ", 

"  : ';. .:. 
,, /.. 

.:/ :, 
:, , ,,',.u~.~:.i "  .' 

. :.&y .,:.:;; :. : :J',,.‘.. ,. ,' > 
'. 

.cy -  ',;*. 

'., = s lsp'g .- . . , : '. - ':' .] :,,, 
,.!' ., . . . ..P ", , 
% j$j,: 1, ;;I.;' ;- -. 'The r&tee of roll.fkam the sp insonde ti&j hls l&les~w~re used to ob-kr" 

: tip helix  angles  as functions of.,4ach nu@er. The vaiues  of drag were. . 
obtained by'the graphic differentiation of the curve of Doppler flight- 
path ve loc iti agalns t'time. 

: .,, : .1’_ 
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* The'kmracy of.the tes ts ,$s  es-t-ted lx ‘b6 with& the 'following "  
,' p:.:,: ,t 

i. : 
1tits :' ., . 

::; 
; 

‘CN ,. : . . . . . . . . . . . . . . . . . .,, . .., r  . .’ . i . . . : . a065 
b Cy . . m . . . . . . . . ::. . . . . . . . . . : . . . .,.;. . . . . . ti.032,' 

‘l:.: 
.; .’ ‘9; '2l-i '. '. . . .'. . . . . . . . . . . i . . . . . . . .'? . . . $I.001 . . . . . . . . . . . . . . . ‘. . . . . . .’ p . . . $I.001 
$9 
;@?I-  ,, 

_:... : . ':. : . . . . . . . . ., . 
pp .- ;. 

. . . . .,, : . .’ . . . . . ( .  . . . : .a ‘.’ ,:, . . '.,... . '. . '% . . . '. . . .:.I . . . . . . . . . . . . : 2, 
I. . ",. F, ,. . '. . . .; F  . . . . “,. F, ,. . ‘. . . .; F . . . . . . . . $ . . ,. i . . . :'. . :. . . . . . . $ . . ,. i . . . :‘. . :. . '., ‘., ,- .,.: ,-  .,.: I. I. ,.. ,.. ,' ,' 

,I : / L ,I : / L ,' ,' .: '. ... .: '. ... .' Th&.~&Xci.ik%d flight.~path~veidc i-ties .,.and'cgrreepondifs,Mach numberb ", ., .' Th~.~&lci.&&d flight.~path~veidc i-ties .,.and'cgrreepondifs,Mach numberb ", ., 
-'&e' ekt&tti to k$.~&+iz++3 to *5 percent. , ': -'&e' ekt&tti to k$.~&+iz++3 to *5 percent. , ': 
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52 ,,A '. . . ,: ~k&T+AND DISCUSSION 
"  ,/ .'." "_ _. ;. .: ",, .' I I .;' ,.1 // :, _', 

: s taiili*: 
:.y .’ ..,. .:. : 
&- ., ., ,’ 
t$wJ ~.-r;r,~-r-~ oi_ : is,-: 

I&;. l 

ti;;’ &.~:bb.&i;l‘~~.~.~kom tiie cFi.t.m.ofA ,;liliaei jl‘ &.& .shown .ti figure- 6, 

as, var latiqn of norm+-force ax@ s ide-force .coefficients with Mach nmber. 
fiz z  ,' ,, Although the &fitter of gravity  of this'mode& was one-half'body diameter 
p; 

L 

. .‘. 

‘., ,, 
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a h e a d  o f th e ,des ign  l o & tlo n  a n d  al l  c o n trols were  n e u tral, th e  m o d e l  
d e v e l o p e d  la rge  no rma l  fo t ices .wh ich a t.som e  s p e e d s  ,e x c e e d e d  th e  lim it 

-5  :.: l ?  o f th e  measu r i ng  inst rument .  !l& e  actual .  normal - fo rce  c q e ff lcients cou ld  -, . . b i r  d e te rm ined  on ly  foi.  th e  M a c h  n u m b e r  r a n & e s  frti 0 .7 6 ,to  0 .9 5  ,. a n d  1 .6 5  to  1 .6 9 . In a s m u c h  as the  no rma l  acce le ra tdon  e x c e e d e d  th e  .,1  
; . * p .g  lim its o f th e  inet r~ntat ion in  th e  M a c h  nun ibe r  r a n g e  f rom 0 .9 5  to  1 .6 5 , ._ . ..Y .. .7 . , ,,-. .I- . i. ., - no  va lues  for. -. cN  we re  o b ta i n e d  in- . - th is-range, b u t th e  m a x i m u m  va lue  o f 

.no rma l  acce le ra t ion  fo r  th e  ins t rumentat ion - is u s e d  to  i nddcs 'te  th e . , ., ,; ,-; ':" I' m i n i m u m  poss ib le  C N . as. s h o w n  by  th e  d a s h - p & t o f'th e  cqve 'in  figu re  6 , 
,;. ._  '. y;:, .,I :': M o d e l  2  tis s imi lar  to  m o d e L  I&  wi th th e  excep tio n  o f th e  tie n ter-of-gravi ty 

., . . ~ 1 o c a tiO n  wh ich ,was  approx ip la te ly  o n e  b o d y . d i a m e ter  a h e a d  o f th e  dbs lgn  
c e n ter  o f gravity. tp e  d a ta  fcir m o $ e l  2  a re  p resen te d  in  figu re  7 . ' ., 
T h e  va lues  o f C N  we re , pna l le r  fo r  m o d e l  2  th a n  fo r  m o d e l  1  fo r  co r respond ing  

,.1 , : ,I_ , , i. _ _ ., M & h  'n u m b e r s  wh ich  ind ica ted  th a t m o d e l  2 . was  trm  a t smal le r  ang les ,  
.' o f+ ttack.  For  m o d e I. 2  th e  c h a n g e  ln .s lgn o f C N  a t a  B $ c h  n u m b e r  

-,,/:_  : .:,.y::: ., ?  o f a @ ? o x i m a te ly  0 .9 2 5  ind. icateB.that;  th e  m o d e i  w a g ~ d i s tu r b e d  & d  c m e d  
., :,,;.. '. I ,,,,, ~  I f rom a  trim  po in t a t a  posi t ive a n g l e  o f a ttack  to  o n e 'a t a  n e g a tive a n g l e  

: I o f a ttack;  .No fo rce  tits we re  'o b ta i n e d  In  th e  M a c h  n u m b e r  r a n g e  
ff$ .-: "  f romO;95 . '%&0.97  a n +  ia  so  Ind ica ted  In  figu re  7  by  d a s h  l ines.  mpub l i shea . 

suwrson ic  w ind- tunne l  d a ta  s h o w e d  a -mode l  wi th th e . c e n te r  o f gravi ty a t 
@ &  ,,_  .: *2f th e  d & Y & locat ion to  b e  u n s tab le  a t ang les  o f a ttack  nea r  0 0 , wi th trim  "  ,.',, /. : p o tits a t app rox ima te ly  h o  a t a  M a c h  n u m b e r  o f 1 .2 8  a n d  & o  a t a  M a c h  

n u m b e r  o f.1 .7 2 '; T h e  va luesof  (+  (f igs. '6 'a n d  7)  were  suff icient* smal l ,  
:' th r o u g h o u t th e  s p e e d  r a n g e  o f th e  tests to  ind icate  static d i rect iona l  
: '- stabil i ty. !& e ,fact th a t shor t~pe~ lodosc i l la t ion  o f th e  s ide  fo rces  

w  obxk red  i+ E i th e  node i s  deceler+t ,@  though,  th e . tzansonic  reg ion  ind icates 
F : : ,. p&s ib le  te n d e n c y  towsrds '~ t+ a m i c  direct ional , Instabi l i ty In  th is  reg ion:  

*+;;: ‘. 
: 

: : 1 ,  
,: , -  

.,. “, 

,, ‘I.,, .-  .- :-  ,.:, .” 
: 

.., 

“*; 
., ;: - .  ‘. .d  “’ ‘,W  $  : A i leron,  E ffec t iveness 

7 -e  ;:. 1  : 
. The -  resul ts o f th e  d a ta  o b t& e d  f rom th e  f l ights o f m o d e l s  3 , hi-  5 , 
,A  a n d  6  a re ' s h o w n  in  fau re . 8  as  p lots o f p b /2 V -  aga ins t  M a c h .n u m b e r . I, 

Dopp le r  f l ight-path veloci ty-G a s  o b ta 3 n e d for .a M a c h  n u m b e r  r a n g e . ; ,- 
f rom 1 .2 6  .+ o  lF4@  fo r  m o d e l  3 , f rom O .g g  to  A .7 3  for m o d e l  4 , a n d  

- f rcab~i .1.8~to 1 .7 8  fo r .mode l  5 . 
o b ta i n e d  fo r  m o d e l  6 . 

Dopp le r  fX i& t-path veiqci ty was.not  
Tfp hel i r  ang les  we re ,'de r$ved for  e a c h  m o d e l  by ' 1  

u $ n #  .th e fye.veloci t ie~ a n d . .th e  r oU ing~ ,veloci t les o b t i lned f rom th e  ! '.' ':,',", ,, '. ,: ,, 1  & fn s o n &  records. .  These  & & e s  o f, ,:p b /2 V  ,were  ex tended  by  us ing  "  
,.1  calculatt i ' f l ight-path veloci t ies in‘conJunc t lon  wi th th e  m e a s u r e d  ro l l ing 

,veiocit ies.. T h e  reeui ts ' f rom th e  test o f-a par t ia l -span i nboa rd  a i le ron  
"',' d e flec ted  4 .7 0  (n roae l  5 )  s h o w e d  th a t th e  ro l l ing e ffec t iveness dec reased  
f-: ;s: -' ' 'a b r u p tly+  th e  M a c h n u m b e r  r a n g e  f rcun 0 '.8 2  to  0 .9 5 . T h e  wec tio n 'o f, ., . .' 'ro l l  was reve rsed  in  th e 'M a c h ~ n u n i b e r .~ r a n g e  b e tween  0 ;9 3 .a n &  I.-O 7  a n d  

.eha r ti'a  g radua l  inc rease- 'dn  a i le ron  ro l l ing 'ef fect iveness u p  to  a  M a c h  
).' - n u m b e r  o f.1 .4 0 . T h e  resul ts o f th e  test  o f th e  s & & 3  a i le ron~conf lg&at ion-  
-..I ,., .,.d e flecte.dJt .60 (mode l  6) . s h o w e d  th e  s a m e  gene ra l  character ist ics excep t in  . 

.th e  M a c h  n u m b e r . rangS f ran 0 .9 3  to  1 .0 7 . In  th is  E b c h  n u m b e r  r a n g e  m o d e l  6  7 :: * 
E L -  s h o w e d  w  a & n & e  c o m p l e te  loss o f a i le t ion c o n trol b u t n o  actua l  c o n trol 
g-. revezysa l  . T h e .results o f th e  s a m e  a i le ron  c o n figu ra tio n  d e fiec ted , lO .OO 

no -  reversal ,  -but  s h o w e d  a n  a b r u p t.dec rease  in  ro l l ing ,y/ * (mode l  '5 )  s h o w e d  
c ,. . ..' 
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